Bictegravir is a new integrase strand transfer inhibitor (INSTI) with a high genetic barrier to the development of HIV-1 resistance. The drug is co-formulated with the nucleos(t)ide reverse transcriptase inhibitors emtricitabine and tenofovir alafenamide (AF) in a single-tablet regimen (STR) for the once-daily treatment of HIV-1 infection in adults (bictegravir/emtricitabine/ tenofovir AF; Biktarvy ® ). In phase 3 trials, bictegravir/emtricitabine/tenofovir AF was noninferior to dolutegravir-based therapy (dolutegravir/abacavir/lamivudine or dolutegravir plus emtricitabine/tenofovir AF) in establishing virological suppression in treatment-naïve adults through 96 weeks' treatment and, similarly, was noninferior to ongoing dolutegravir/ abacavir/lamivudine or boosted elvitegravir-or protease inhibitor (PI)-based therapy in preventing virological rebound over 48 weeks in treatment-experienced patients. No resistance emerged to any of the antiretrovirals in the STR. Bictegravir/ emtricitabine/tenofovir AF is generally well tolerated, requires no prior HLA-B*5701 testing (making it more suitable for 'rapid start' treatment), fulfils the antiretroviral regimen requirement for patients with hepatitis B virus (HBV) co-infection (i.e. contains tenofovir AF and emtricitabine, both of which are active against HBV) and can be used in renally impaired patients with creatinine clearance (CR CL ) ≥ 30 mL/min. Thus, although cost-effectiveness analyses would be beneficial, current data indicate that bictegravir/emtricitabine/tenofovir AF is a convenient initial and subsequent treatment option for adults with HIV-1 infection, including those co-infected with HBV, and provides the first non-pharmacologically boosted, INSTI-based, triple-combination STR suitable for patients with CR CL 30-50 mL/min.
Introduction
Antiretroviral therapy (ART) has radically improved outcomes for patients with HIV-1 infection, with most patients now able to achieve virological suppression owing to the potency, tolerability and convenience of the available antiretroviral agents [1] . A combination of three active agents from at least two different classes is standard in realizing this goal, with regimens usually comprising two nucleos(t)ide reverse transcriptase inhibitors (NRTIs) plus either an integrase strand transfer inhibitor (INSTI), a nonnucleoside reverse transcriptase inhibitor (NNRTI) or a pharmacologically-boosted protease inhibitor (PI) [1] [2] [3] [4] , with INSTIs being the preferred first-line choice in the most recent treatment guidelines [1, 3, 4] .
Until recently, the INSTI class included only raltegravir and elvitegravir (the limitations of which include a lower genetic barrier to resistance than some other agents and considerable cross resistance) and the second-generation INSTI dolutegravir (which has a more favourable resistance profile) [1, 5] . These INSTIs are available as single-agent formulations and/or single-tablet regimens (STRs) [6, 7] , the latter of which are convenient, easy to take and have potential adherence advantages [1] . These STRs generally comprise an INSTI plus two NRTIs (e.g. dolutegravir/abacavir/lamivudine), with those containing elvitegravir also including the pharmacological boosting agent cobicistat [i.e. elvitegravir/ cobicistat/emtricitabine/tenofovir alafenamide (tenofovir AF) or tenofovir disoproxil fumarate (tenofovir DF)]. However, the drug interaction potential of cobicistat and/or the tolerability issues associated with some of the NRTI components (namely hypersensitivity and increased cardiovascular risk with abacavir, and renal and bone toxicity with tenofovir DF) [1] , can limit the use of these STRs.
Recently, INSTI options have been expanded with the approval of a once-daily STR containing a new INSTI, bictegravir. This STR (Biktarvy ® ) combines bictegravir 50 mg with the NRTIs emtricitabine 200 mg and tenofovir AF 25 mg and is hereafter referred to as bictegravir/emtricitabine/tenofovir AF. This article reviews pharmacological, therapeutic and tolerability data relevant to the use of bictegravir/emtricitabine/tenofovir AF in adults infected with HIV-1.
Pharmacodynamic Properties
The pharmacodynamics of bictegravir are the main focus of this section, with the established pharmacodynamic profiles of emtricitabine and tenofovir AF discussed only briefly.
Antiviral Activity
Bictegravir was highly active against laboratory and clinical isolates of HIV-1 in vitro [50% effective concentration (EC 50 ) of 0.02-6.6 nmol/L [8, 9] ; protein-adjusted 95% effective concentration against laboratory strains of 361 nmol/L] [8, 10] , displaying activity against HIV-1 isolates of all groups (M, N and O) and subtypes A-G (EC 50 < 0.05-1.71 nmol/L) [8, 10, 11] . Notably, bictegravir, like the earlier second-generation INSTI dolutegravir, was significantly (p < 0.05) more active than the first-generation INSTIs elvitegravir and raltegravir against recombinant HIV-1 strains derived from INSTI-naïve patients [12] .
Bictegravir also displayed in vitro activity against HIV-1 strains with mutations conferring resistance to elvitegravir and raltegravir, with EC 50 values of < 5 nmol/L for all viruses with single INSTI resistance-associated mutations (RAMs) [e.g. Y143R, Q148R] and < 5 or < 10 nmol/L for the majority of those with double or triple INSTI RAMs (e.g. E92Q/N155H ± G163R) [8, 9, 13] .
In this regard, bictegravir is similar to dolutegravir, although the overall activity profile of bictegravir against INSTI-resistant HIV-1 strains was slightly broader than that of dolutegravir in vitro [8, 9, 13] . In two studies, some mutant strains (14 of 57 [13] or 1 of 9 [9] ) were significantly (p < 0.01) more susceptible to bictegravir than dolutegravir (e.g. G140S/Q148R [13] or G140S/Q148H [9] , both of which reduce susceptibility to dolutegravir), whereas none [9] or numerically fewer (10 of 57) [13] strains were significantly more susceptible to dolutegravir. Moreover, across a panel of 47 patient-derived isolates with INSTI resistance, bictegravir was more potent than dolutegravir in terms of the overall mean fold-change in EC 50 (FC; i.e. vs. wild-type virus) [2.8 vs. 5.8 nmol/L; p = 0.042] and the proportion of isolates that had an FC of ≥ 10 (2 vs. 17%) [8] . Bictegravir was at least twofold more potent than dolutegravir against thirteen of the isolates in this study (FCs for remaining isolates were similar for the two drugs) and significantly (p < 0.05) more potent against highly INSTI-resistant isolates carrying E92Q/ N155H or G140C/S plus Q148R/H/K, with or without other INSTI RAMs [8] . Such differences in the activity profiles of bictegravir and dolutegravir may be due to greater flexibility in the bictegravir structure (allowing more conformational adaptation to overcome RAMs) [13] and slower dissociation of bictegravir from the integrase-DNA complex of G140S/Q148H variants [14] .
Bictegravir was also fully active against HIV-1 variants resistant to other antiretrovirals, including NRTIs, NNRTIs and/or PIs, in vitro (FC 0.8-1.9) [8] .
Highly synergistic activity against HIV-1 was seen with bictegravir when in combination with certain antiretrovirals, including emtricitabine or tenofovir AF [8] . Both emtricitabine and tenofovir AF are active against laboratory and clinical isolates of HIV-1; EC 50 values range from 1 to 75 nmol/L for emtricitabine against subtypes A-G and from 0.1 to 12 nmol/L for tenofovir AF against all HIV-1 groups, including subtypes A-G [10, 11] .
Resistance
Bictegravir, like dolutegravir, has a high barrier to resistance development in vitro [8, [15] [16] [17] . Cell culture resistance selection data suggest that at least two amino acid substitution pathways may be involved in conferring resistance to bictegravir (R263K/M50I and S153F plus transient T66I); however, the substitutions appear to be associated with only minimal reductions in susceptibility to the drug (≈ 3-fold for R263K/M50I, ≈ 2-fold for R263K or S153F, and 0.4-to 1.3-fold for M50I, T66I and T66I/S153F) [16] . Certain amino acid substitutions in the reverse transcriptase of HIV-1 can also reduce susceptibility to emtricitabine (M184V/I) and tenofovir AF (K65R, sometimes plus S68N or L429I; and transiently K70E) [10, 11] , although selection of highlevel resistance has not occurred with the latter drug over extended periods of culture in vitro [10] .
Among treatment-naïve or -experienced adults with HIV-1 infection who received bictegravir/emtricitabine/ tenofovir AF in five phase 3 clinical trials (Sect. 4) [18] [19] [20] [21] [22] and were eligible for resistance testing (n = 14), no treatment-emergent resistance (genotypic [10, 22] or phenotypic [10] ) was evident to any of the STR antiretrovirals [10, 22] , irrespective of HIV-1 subtype (B or non-B) or pre-existing resistance [23] . Findings were generally similar for corresponding recipients of the dolutegravir-or boosted PI-or INSTI-based comparator regimens in these trials [18] [19] [20] [21] [22] , although a RAM developed in the reverse transcriptase in one recipient of a ritonavir-boosted PI plus dual NRTI regimen (L74V) [20] and one recipient of elvitegravir/cobicistat/ emtricitabine/tenofovir AF (M184M/I/V) [22] .
Cross Resistance
Certain combinations of RAMs that confer resistance to elvitegravir and raltegravir and/or reduce susceptibility to dolutegravir reduced the susceptibility of HIV-1 strains to bictegravir in vitro, including E138K/Q148K [8, 13] , G140A/Q148K [13] , L74M/G140A/Q148R [13] , E138K/ G140A/Q148K [13] , T97A/G140S/Q148H [13, 24] , L74M/ T97A/G140S/Q148H [24] and G140S/Q148H/N155H [13] (EC 50 values 12 to > 200 nmol/L where specified [8, 13] ). Across 64 clinical isolates, susceptibility to bictegravir was reduced > 2.5-fold in 14 of the 24 isolates that carried G140A/C/S and Q148H/R/K, although most of the less susceptible isolates (9 of 14) also carried other RAMs (L74M, T97A or E138A/K) [10, 11] . Another in vitro study [24] supported these findings and demonstrated extensive cross-resistance between bictegravir and dolutegravir when G140S/Q148H was present in combination with other INSTI RAMs, including T97A and L74M. Reductions in bictegravir susceptibility have also been observed in site-directed HIV-1 strains with the dolutegravir and raltegravir RAM G118R, either alone (3.4-fold reduction) or in combination with T97A (2.8-fold reduction) [10, 11] . However, the clinical relevance of these in vitro data is not yet known.
Cross resistance amongst NRTIs is a well-established phenomenon. For instance, the emtricitabine RAM M184V/I confers resistance to lamivudine, and the tenofovir RAMs K65R and K70E reduce susceptibility to emtricitabine, as well as abacavir, didanosine and lamivudine [10] . Moreover, multi-NRTI-resistant strains of HIV-1 that carry a T69S double insertion mutation or a K65R-containing Q151M mutation complex are less susceptible to tenofovir AF [10, 11] , as are strains with multiple thymidine analogue substitutions (M41L, D67N, K70R, L210W, T215F/Y, K219Q/ E/N/R) [11] .
Other Effects
Neither bictegravir (at up to six times the recommended dose) nor tenofovir AF (at up to five times the recommended dose) prolonged the PR or QT/corrected QT (QTc) interval in thorough QT/QTc studies in healthy volunteers; whether emtricitabine impacts the QT interval is unknown [11] .
As with dolutegravir and some other antiretrovirals [4, 25] , bictegravir can inhibit tubular secretion of creatinine, although any increases in serum creatinine levels that may occur with the drug are not indicative of actual glomerular filtration rate (GFR) changes and are thus not considered to be of clinical relevance [10] .
Pharmacokinetic Properties
After oral administration of bictegravir/emtricitabine/tenofovir AF, with or without food, all components of the STR are readily absorbed, with the time to maximum plasma concentration being 2.0-4.0 h for bictegravir, 1.5-2.0 h for emtricitabine and 0.5-2.0 h for tenofovir AF [10, 11] . In intensive pharmacokinetic substudies (n = 15-28) of large phase 3 clinical trials (discussed in Sect. 4), patients receiving once-daily bictegravir/emtricitabine/tenofovir AF as recommended (Sect. 6) had mean bictegravir trough concentrations (2038-2576 ng/mL) that were 13-to 16-fold higher than the in vitro protein-adjusted effective concentration of the drug against wild-type HIV-1 [162 µg/mL (i.e. 361 nmol/L); Sect. 2]; moreover, the pharmacokinetic profiles of the other drugs in the STR were consistent with historical data in patients infected with HIV-1 [18] [19] [20] [21] .
The STR can be taken without regard to food [10, 11] , as administering emtricitabine with food did not impact systemic exposure to the drug and taking bictegravir/emtricitabine/tenofovir AF or tenofovir AF with high/moderate fat meals caused modest, but clinically irrelevant, increases in bictegravir and tenofovir AF, respectively [10] . Plasma protein binding is high for bictegravir (> 99% in vitro) and tenofovir AF (≈ 80% ex vivo) and low for emtricitabine (< 4% in vitro) [10, 11] and the blood-to-plasma ratio of the respective drugs is 0.64, 1.0 and 0.6 [11] .
Metabolism is the key route of elimination for bictegravir and tenofovir AF [10, 11] . Bictegravir is metabolized predominantly by CYP3A and UGT1A1, with each dose being eliminated primarily via the faeces (≈ 60%; as parent drug and oxidative metabolites) and to a lesser degree via the urine (35%; mainly as glucuronide and other oxidative metabolites/conjugates) [10] . Metabolism of tenofovir AF is via cathepsin A [in peripheral blood mononuclear cells (PBMCs)/macrophages] and carboxylesterase-1 (in hepatocytes), producing its major metabolite tenofovir, which undergoes phosphorylation to form the active moiety tenofovir diphosphate [10] . Elimination of tenofovir AF occurs after the drug is metabolized to tenofovir (which is excreted via glomerular filtration and active tubular secretion), with < 1% of a dose being eliminated as unchanged drug in the urine [10] . Emtricitabine undergoes limited metabolism [11] (via oxidation and glucuronidation) [10] and is eliminated primarily via glomerular filtration and active tubular secretion [11] , with most of a dose being excreted in the urine (e.g. ≈ 86% [10] ) and only ≈ 14% in the faeces [10, 11] . The median terminal plasma half-life is 17 h for bictegravir, 10 h for emtricitabine, 0.51 h for tenofovir AF [10, 11] and 32 h for tenofovir [10] ; the half-life of tenofovir diphosphate within PBMCs is 150-180 h [11] .
Bictegravir/emtricitabine/tenofovir AF can be used without dosage adjustment in patients with an estimated creatinine clearance (CR CL ) of ≥ 30 L/min, although is not recommended for use in patients with CR CL < 30 mL/min [10, 11] , as data are insufficient [10] . Similarly, mild (Child-Pugh class A) or moderate (Child-Pugh class B) hepatic impairment requires no adjustment of the bictegravir/emtricitabine/ tenofovir AF dosage, although the STR is not recommended in patients with severe hepatic impairment (Child-Pugh class C) as it has not been assessed in this population [10, 11] .
Race [10, 26] , gender [10] and age [10] do not impact bictegravir, emtricitabine or tenofovir AF exposure to any clinically relevant extent according to population pharmacokinetic analyses [10] and a small pharmacokinetic study (n = 50) in Japanese and Caucasian subjects [26] ; no dose adjustments are recommended [10, 11] . Bictegravir, emtricitabine and tenofovir AF pharmacokinetics have not been assessed in patients co-infected with hepatitis B virus (HBV) and/or hepatitis C virus (HCV) [11] .
Drug Interactions
Given the role of CYP3A and UGT1A1 in bictegravir metabolism, plasma concentrations of the drug may decrease or increase if co-administered with potent inducers or inhibitors of these enzymes, respectively [10, 11] . In addition, both bictegravir and tenofovir AF are substrates of P-gp and BCRP; although the clinical relevance of this property is not yet known for bictegravir, coadministering bictegravir/emtricitabine/tenofovir AF with drugs that strongly impact these transporters may alter tenofovir AF absorption (e.g. inducers/inhibitors of P-gp may reduce/increase absorption and consequently plasma concentrations of tenofovir AF) [10] . Some drugs that induce CYP3A, UGT1A1 and/or P-gp are contraindicated for use in combination with bictegravir/emtricitabine/ tenofovir AF, including rifampicin (EU [10] ; USA [11] ) and St John's wort (EU [10] ; not recommended in USA [11] ). Some other inducers (e.g. rifabutin, rifapentine, carbamazepine, oxcarbazepine, phenobarbital, phenytoin) [10, 11] or inhibitors (atazanavir, cobicistat, azithromycin, clarithromycin, ciclosporin) [10] of these enzymes are also not recommended for use in combination with the STR or may require caution or the consideration of alternatives in the USA [11] and/or EU [10] .
Bictegravir is an inhibitor of OCT2 and MATE1 [10, 11] ; thus, plasma concentrations of drugs that are substrates of these transporters may increase upon co-administration with bictegravir/emtricitabine/tenofovir AF [11] . One such drug is dofetilide, which is contraindicated in combination with the STR in the USA due to the potential for serious/ life-threatening events [11] . Another example is metformin, which requires risk/benefit consideration before being coadministered with bictegravir/emtricitabine/tenofovir AF in the USA [11] and monitoring/dosage adjustment if being co-administered with the STR in patients with renal impairment in the EU [10] .
Bictegravir/emtricitabine/tenofovir AF should not be administered in conjunction with other antiretrovirals [10, 11] or adefovir dipivoxil (an HBV treatment) [10] . As with other INSTIs, in order to avoid bictegravir chelation, there are also administration timing adjustments and/or food requirements for the STR in patients taking medications/oral supplements containing polyvalent cations (such as magnesium, aluminium, iron [10, 11] or calcium [11] ); however, sucralfate is not recommended for co-administration with the bictegravir STR in the EU [10] .
Bictegravir and tenofovir AF do not inhibit/induce CYP or CYP3A enzymes, respectively, in vivo [10] . However, caution is advised in the EU if co-administering bictegravir/ emtricitabine/tenofovir AF with methadone, as it is not yet possible to exclude the potential for bictegravir metabolites to inhibit CYP1A2, 2B6 and/or 2D6 [10] . Emtricitabine has a low potential for CYP-mediated drug interactions [10] . As emtricitabine and tenofovir AF elimination is largely renal, concentrations may be increased by drugs that reduce renal function or that also undergo active tubular excretion [10, 11] . This section reviews the clinical efficacy of bictegravir/ emtricitabine/tenofovir AF in treatment-naïve (Sect. 4.1) or -experienced (Sect. 4.2) adults with HIV-1 infection, as evaluated in five randomized, active comparator-controlled, multicentre, phase 3, noninferiority studies of double-blind [18, 19, 21] or open-label [20, 22] design. The trials enrolled men and women (or just women [22] ) with an estimated GFR (eGFR) of ≥ 30 [18] or ≥ 50 [19] [20] [21] [22] mL/min; chronic HCV infection was permitted where specified [18, 20, 21] . Across trials, patients were predominantly men (83-90% in mixed-sex studies); some data are from abstracts/posters [22, 27, 28] .
Treatment-Naïve Adults
The efficacy of bictegravir/emtricitabine/tenofovir AF in treatment-naïve adults has been compared with that of dolutegravir plus emtricitabine/tenofovir AF [18] and dolutegravir/abacavir/lamivudine [19] in two phase 3 trials. The studies enrolled patients with a viral load of ≥ 500 copies/mL and no resistance to any of the NRTI study drugs. One of the trials [19] also required patients to have a HLA-B*5701 and HBV negative status to avoid potential abacavir hypersensitivity or development of emtricitabine resistance (comparator regimen would not have provided adequate efficacy against HBV). Randomization of patients to study regimen was stratified by viral load, CD4+ cell count and geographical region. Across trials, patients had a median age of 31-34 years and most were asymptomatic (≈ 90%) [18, 19] .
In terms of establishing virological suppression, the bictegravir/emtricitabine/tenofovir AF STR was noninferior to each of the dolutegravir-based regimens (dolutegravir/ abacavir/lamivudine [19] and dolutegravir plus emtricitabine/tenofovir AF [18] ), as evaluated by the proportion of full analysis set (FAS) patients who attained a viral load of < 50 copies/mL at 48 weeks (primary endpoint; Table 1 ). These findings were not influenced by baseline patient/disease characteristics (i.e. age, sex, race, viral load, CD4+ cell count, geographical region or study drug adherence) and were supported by those of per-protocol (PP) analyses, sensitivity analyses and other virological outcomes, including the proportion of patients who achieved a viral load of < 20 copies/mL and the change from baseline in viral load at 48 weeks (Table 1) [18, 19] . The greatest rate of HIV-1 RNA level decline was observed in the first 4 weeks of treatment, regardless of the study regimen [18, 19] . Consistent with these findings, improvements in CD4+ cell count at 48 weeks did not significantly differ between bictegravir/ emtricitabine/tenofovir AF and dolutegravir-based therapy in either trial (Table 1) [18, 19] .
Longer term, bictegravir/emtricitabine/tenofovir AF remained noninferior to both dolutegravir/abacavir/lamivudine [27] and dolutegravir plus emtricitabine/tenofovir AF [28] with regard to the proportion of FAS patients who had a viral load of < 50 copies/mL after 96 weeks of treatment (87.9 vs. 89.8%; 95% CI − 6.9, 3.1 [27] ; 84.1 vs. 86.5%; 95% CI − 7.9, 3.2 [28] ). PP analyses of this endpoint at 96 weeks were generally consistent with the FAS findings [27, 28] . The mean absolute CD4+ cell level at 96 weeks did not significantly differ between the treatments where specified [28] .
When bothersome HIV-1 symptoms were assessed using the HIV-Symptom Index (HIV-SI) in one of these studies [19] , some symptoms were significantly less frequent with bictegravir/emtricitabine/tenofovir AF than with dolutegravir/abacavir/lamivudine over 48 weeks' treatment, with the most notable differences being in reports of fatigue/loss of energy, nausea/vomiting, dizziness/light-headedness and difficulty sleeping in adjusted logistic regression analyses; fatigue/loss of energy and nausea/vomiting were also among the symptoms that significantly favoured the bictegravir over the dolutegravir regimen in a longitudinal model [29] .
Treatment-Experienced Adults
The efficacy of switching treatment-experienced adults (specifically women [22] ) with virological suppression from their current ART regimen to bictegravir/emtricitabine/tenofovir AF has been evaluated in three phase 3 trials [20] [21] [22] .
Patients must have maintained a viral load of < 50 copies/ mL for ≥ 3 [21] or ≥ 6 [20, 22] months and have been on a stable ART regimen comprising a dual NRTI backbone plus either a PI (boosted atazanavir [20, 22] or darunavir [20] ) or an INSTI (dolutegravir [21] or boosted elvitegravir [22] ). Where specified, patients with resistance to the NRTI components [20, 21] or to dolutegravir [21] were excluded; one of the studies [21] also excluded patients with chronic HBV infection (as the comparator regimen would not have provided adequate efficacy against the virus). In the trial in which patients had baseline virological suppression with a dolutegravir-based regimen, the regimen consisted of dolutegravir, abacavir and lamivudine taken most commonly as an STR (Table 2 ) [21] and is thus hereafter referred to as dolutegravir/abacavir/lamivudine. Switching to the bictegravir/emtricitabine/tenofovir AF STR was noninferior to remaining on a dolutegravirbased [21] or a boosted PI- [20, 22] or elvitegravir- [22] based triple ART regimen in terms of maintaining virological suppression, as measured by the proportion of FAS patients who experienced a viral load of ≥ 50 copies/mL (i.e. virological rebound) over 48 weeks of therapy (primary endpoint analysis; Table 2 ). Where reported [20, 21] , evaluation of this endpoint in the PP population supported these findings. Moreover, the majority of patients in each treatment group had a viral load of < 50 or < 20 copies/ mL at this timepoint [20] [21] [22] , with no significant differences evident between the groups where specified [20, 21] ( Table 2) .
In subgroup analyses, the proportion of patients who had a viral load of < 50 copies/mL at 48 weeks did not significantly differ between the switched and unswitched groups, irrespective of patient/disease characteristics such as age [20, 21] , race [20, 21] , geographical region [20, 21] , study drug adherence (< or ≥ 95%) [21] and sex [20, 21] , with the Table 2 Efficacy of switching to the bictegravir/emtricitabine/tenofovir alafenamide single-tablet regimen in virologically-suppressed adults with HIV-1 infection in key phase 3 trials; results are at 48 weeks 3TC lamivudine 300 mg, ABC abacavir 600 mg, BGD between-group difference, BIC bictegravir 50 mg, bINSTI boosted integrase strand transfer inhibitor, BL baseline, bPI boosted protease inhibitor, DTG dolutegravir 50, FAS full analysis set, FTC emtricitabine, NRTIs nucleos(t)ide reverse transcriptase inhibitors, pts patients, TAF tenofovir alafenamide 25 mg, TDF tenofovir disoproxil fumarate, → indicates 'switched to' *p < 0.05 vs. comparator arm (although the BGD was not significant after adjusting for the BL CD4+ cell count) a Regimens were taken once daily; where specified [20, 21] , pts also received comparator regimen-matched placebo tablets to maintain blinding b Primary endpoint, as assessed by the US FDA snapshot algorithm c bPI (darunavir or atazanavir, boosted with ritonavir or cobicistat) + either FTC/TDF (85% of pts) or ABC/3TC (15% of pts) d Switching to BIC/FTC/TAF was noninferior to continuing on the BL regimen, as upper limit of 95% CI for the BGD was < 4% e Regimen was DTG/ABC/3TC in 95% of pts, DTG + ABC/3TC in 4.8% and DTG + ABC + 3TC in 0.2% f Regimen was elvitegravir/cobicistat/FTC/TAF in 53% of pts, elvitegravir/cobicistat/FTC/TDF in 42%, and atazanavir boosted with ritonavir + FTC/TDF in 5% g Statistical analyses for between-group difference are not available latter finding supporting the trial conducted solely in women [22] . In terms of other endpoints, changes in CD4+ cell count at 48 weeks did not significantly differ between the switched and unswitched groups in one [20] of the two [20, 21] key studies that reported this outcome. The other trial reported a significant reduction in this parameter in patients who switched to bictegravir/emtricitabine/tenofovir AF versus those who remained on a dolutegravir-based regimen, although the difference did not remain significant after adjusting for baseline CD4+ cell counts (Table 2 ) [21] .
In the study that compared bictegravir/emtricitabine/tenofovir AF with dolutegravir/abacavir/lamivudine [21] , some HIV-SI-assessed bothersome HIV-1 symptoms were found to occur significantly less frequently with bictegravir/emtricitabine/tenofovir AF over 48 weeks' treatment. These symptoms most notably included feeling nervous/anxious, nausea/ vomiting, feeling sad/down/depressed and poor quality sleep in adjusted logistic regression analyses, with longitudinal analyses supporting these findings [29] .
Tolerability
Treatment with bictegravir/emtricitabine/tenofovir AF for up to 96 weeks was generally well tolerated in treatmentnaïve and-experienced adults with HIV-1 infection in the phase 3 trials discussed in Sect. 4 [18-22, 27, 28] , with most adverse events (AEs) being mild or moderate in severity, where specified [18] [19] [20] [21] [22] .
Over 48 weeks' treatment, the tolerability profile of bictegravir/emtricitabine/tenofovir AF was more favourable than that of dolutegravir-based therapy (dolutegravir/abacavir/ lamivudine [19, 21] or dolutegravir plus emtricitabine/ tenofovir AF [18] ) in terms of the incidence of treatmentrelated AEs (TRAEs), both in treatment-naive patients (18 vs. 26% [18] ; 26 vs. 40% [19] ) and in treatment-experienced patients (8 vs. 16% [21] ), with the between-regimen difference being significant where specified (both p < 0.05) [18, 21] . The most common TRAEs with bictegravir/emtricitabine/tenofovir AF and dolutegravir-based therapy included headache (4 vs. 3%), diarrhoea (3 vs. 3%) and nausea (3 vs. 5%) in treatment-naïve patients [18] and headache (2 vs. 3%) in treatment-experienced patients [21] . Notably, the incidence of treatment-related nausea was significantly lower with bictegravir/emtricitabine/tenofovir AF than with dolutegravir/abacavir/lamivudine in each of these treatment settings (5 vs. 17% [19] and 0 vs. 2% [21] ; each p ≤ 0.03), as was the incidence of flatulence in treatment-experienced patients (0 vs. 2%; p < 0.05) [21] .
Over 48 weeks of treatment, few recipients of bictegravir/emtricitabine/tenofovir AF or dolutegravir-based therapy experienced serious TRAEs (0.3 vs. 0.3% [19] ; 0.4 vs. 0% [21] ) or discontinued therapy because of AEs (≤ 2.1 vs. ≤ 1.3%) [18, 19, 21] , with no significant difference between the groups where specified [21] . Grade 3 or 4 treatment-emergent laboratory abnormalities did not markedly differ in incidence (15-17 vs. 11-15%) or nature between the bictegravir/emtricitabine/tenofovir AF and dolutegravirbased regimens [18, 19, 21] , with increased creatine kinase (4 vs. 3% [19] ; 3 vs. 2% [18] ) and increased fasting lowdensity lipoprotein cholesterol (LDL-C) [2-5 vs. 3-5%] [18, 19, 21] being among the most common.
Longer-term data over 96 weeks of therapy were consistent with the 48-week findings, with bictegravir/emtricitabine/tenofovir AF being significantly (p < 0.05) more favourable than dolutegravir/abacavir/lamivudine [27] or dolutegravir plus emtricitabine/tenofovir AF [28] in the incidence of TRAEs (28 vs. 40% [27] ; 20 vs. 28% [28] ), including nausea (the most common TRAE; 6 vs. 17%) [27] .
In contrast to these double-blind trials, all other comparisons [20, 22] were open label in nature. In one of these other comparisons, bictegravir/emtricitabine/tenofovir AF had a tolerability profile in treatment-experienced women generally similar to that of boosted INSTI-or PI-based regimens, of which elvitegravir/cobicistat/emtricitabine/tenofovir AF or DF was the most common (95% of patients) [22] . However, when compared solely with boosted PI-based therapy in the treatment-experienced setting, the incidence of TRAEs was 19% with bictegravir/emtricitabine/tenofovir AF and 2% with the comparator regimen, with this difference being driven predominantly by headache (5 vs. 0%), nausea, diarrhoea and flatulence (each 2 vs. 0%), although the openlabel nature of the study may have impacted these findings (Sect. 7) [20] . Few patients in either group experienced serious TRAEs (0.3% of bictegravir/emtricitabine/tenofovir AF vs. 0% of boosted PI-based therapy recipients) or discontinued treatment because of AEs (0.7 vs. 0.3%). Grade 3 or 4 laboratory abnormalities occurred with a numerically lower incidence with bictegravir/emtricitabine/tenofovir AF than with boosted PI-based therapy (16 vs. 29%), due mainly to the between-group difference in adverse total bilirubin levels (1 vs. 15%) [20] .
Patients co-infected with HIV-1 and HBV have experienced severe acute HBV exacerbations upon discontinuing emtricitabine-and/or tenofovir DF-containing products [11] , and they may also experience such exacerbations after discontinuing bictegravir/emtricitabine/tenofovir AF [10, 11] , because (like emtricitabine and tenofovir DF) tenofovir AF is active against HBV [1] . The EU [10] and US [11] prescribing information for bictegravir/emtricitabine/tenofovir AF include warnings/precautions to this effect (with the warning being boxed in the USA [11] ) and recommend close clinical and laboratory monitoring for several months or more after discontinuing the STR in patients co-infected with HIV-1 and HBV. The prescribing information also carries various warnings and precautions relating to other AEs that have occurred/may occur with nucleos(t)ide analogues (e.g. lactic acidosis/severe hepatomegaly with steatosis [11] and mitochondrial dysfunction in exposed infants [10] ) or ART in general (e.g. increased risk of severe/fatal hepatic adverse reactions in patients with chronic HBV or HCV infection [10] ; immune reactivation/reconstitution syndrome [10, 11] , opportunistic infections, osteonecrosis and increased bodyweight and levels of blood lipids and glucose [10] ).
Renal Profile
The overall renal tolerability profile of bictegravir/emtricitabine/tenofovir AF was generally similar to that of dolutegravir-based regimens over 48 [18, 19, 21] or 96 [27, 28] weeks in treatment-naïve [18, 19, 27, 28] or -experienced [21] patients. There were no significant differences between bictegravir/emtricitabine/tenofovir AF and dolutegravir/ abacavir/lamivudine with regard to median changes from baseline in proteinuria/tubular function measures [19, 21, 27] or serum creatinine [19] at these timepoints, where specified. Between-group differences in corresponding eGFR changes were either not significant (− 10.5 vs. − 10.8 mL/ min [19] ; − 6.9 vs. − 9.0 mL/min [30] ) or significantly (p ≤ 0.01) favoured bictegravir/emtricitabine/tenofovir AF but were of no clinical relevance (− 7.8 vs. − 9.6 mL/min [27] ; + 1.0 vs. − 1.8 mL/min [21] ). Similarly, bictegravir/ emtricitabine/tenofovir AF did not significantly differ from dolutegravir plus emtricitabine/tenofovir AF with regard to median changes from baseline in serum creatinine, although was associated with less extensive eGFR reductions (median change was − 7.3 vs. − 10.8 mL/min; p = 0.02) [18] . The observed regimen differences in eGFR may reflect tubular transporter affinity differences between bictegravir and dolutegravir [21] (e.g. bictegravir inhibits OCT2-mediated tubular secretion of creatinine to a lesser extent than dolutegravir [18] ).
Bictegravir/emtricitabine/tenofovir AF did not significantly differ from a mixed treatment group of boosted elvitegravir-or PI-based regimens with regard to median changes in eGFR over 48 weeks in treatment-experienced women (− 1.8 vs. − 2.7 mL/min) [22] . However, when compared solely with boosted PI-based therapy in the treatment-experienced setting in another study [20] , bictegravir/ emtricitabine/tenofovir AF significantly reduced eGFR over 48 weeks (median changes from baseline were − 4.3 vs. + 0.2 mL/min; p = 0.0005), likely due to OCT2 or MATE1 transporter inhibition by bictegravir, although did not impact actual GFR (indicating the eGFR finding was of no clinical relevance). In each of these trials [20, 22] , some measures of proteinuria/tubular function (urinary retinol-binding protein to creatinine ratio and urinary β2-microglobulin to creatinine ratio, but not urinary albumin to creatinine ratio) significantly (p < 0.001) improved after switching to the bictegravir STR versus remaining on comparator regimens that contained tenofovir DF. However, similar to the comparisons with dolutegravir/abacavir/lamivudine in treatment-naïve patients, there were no significant differences between bictegravir/emtricitabine/tenofovir AF and non-TDF-containing comparator regimens with regard to changes in proteinuria/ tubular function measures [20, 22] .
Across trials, there were no cases of proximal tubulopathy [19] [20] [21] [22] 28] , Fanconi syndrome [19] [20] [21] 28] or treatment being discontinued because of renal AEs [19, 21, 22, 28] , and few (< 1%) bictegravir/emtricitabine/tenofovir AF recipients experienced serious renal AEs [11] . However, renal function should be monitored before and during treatment with bictegravir/emtricitabine/tenofovir AF in the USA, with discontinuation of the STR advised if Fanconi syndrome develops or renal function declines to a clinically relevant extent [11] .
Lipid Profile
Over 48 weeks, lipid outcomes with bictegravir/emtricitabine/tenofovir AF were generally similar to those with dolutegravir-based therapy (dolutegravir/abacavir/lamivudine [19, 21] or dolutegravir plus emtricitabine/tenofovir AF [18] ) in treatment-naïve [18, 19] and -experienced [21] patients. Among the fasting lipid parameters evaluated [total cholesterol (total-C), LDL-C, high-density lipoprotein cholesterol (HDL-C), triglycerides and total-C to HDL-C ratio], median changes in triglyceride levels (− 5 vs. + 3 mg/ dL) [21] and total-C to HDL-C ratio (− 0.1 vs. − 0.2) [19] differed significantly (p < 0.05) between the bictegravir/ emtricitabine/tenofovir AF and dolutegravir-based treatment groups in some trials, although the difference was not considered to be clinically relevant where specified [19] . Consistent with these findings, the proportion of patients who started lipid-lowering therapy generally did not significantly differ between the regimens, although was significantly lower with bictegravir/emtricitabine/tenofovir AF than with dolutegravir/abacavir/lamivudine in one study (1 vs. 4%; p = 0.033) [21] . Longer term, differences between bictegravir/emtricitabine/tenofovir AF and dolutegravirbased therapy in lipid changes after 96 weeks of therapy were either not significant [28] or were statistically significant but not considered to be clinically relevant (median changes in respective groups were + 15 vs. + 8 mg/dL for total-C, + 17 vs + 7 mg/dL for LDL-C and − 0.1 vs. − 0.2 for total-C to HDL-C ratio) [27] .
Bictegravir/emtricitabine/tenofovir AF for 48 weeks in treatment-experienced patients also did not significantly differ from boosted PI-based therapy in terms of median changes from baseline in total-C, LDL-C or HDL-C levels or the proportion of patients who initiated lipid-lowering therapy, although significantly (p ≤ 0.033) improved triglyceride levels (median change − 6 vs. + 4 mg/dL) and the total-C to HDL-C ratio (median change − 0.2 vs. 0) [20] . These findings are supported by those of the women-only trial (that compared bictegravir/emtricitabine/tenofovir AF with boosted elvitegravir-or PI-based regimens) [22] . However, notably, the findings were dependent on the NRTIs within the PI-based regimen, as switching to bictegravir/ emtricitabine/tenofovir AF from an emtricitabine/tenofovir DF-containing PI regimen had no impact on lipid profile whereas switching from an abacavir/lamivudine-containing PI regimen significantly (p < 0.05) improved levels of total-C, LDL-C and triglycerides and the total-C to HDL-C ratio [20] .
Bone Profile
Over 48 weeks of treatment, mean changes from baseline in bone mineral density (BMD) with bictegravir/emtricitabine/tenofovir AF were small and did not significantly differ from those seen with dolutegravir/abacavir/lamivudine in treatment-naïve patients (− 0.8 vs. − 1.0% at hip; − 0.8 vs. − 0.6% at lumbar spine) [19] or treatment-experienced patients (+ 0.2 vs. + 0.3% at hip; + 0.7 vs. + 0.4% at lumbar spine) [21] . Where reported, fractures were uncommon in each of the respective treatment groups (2 vs. 3% of patients), with none considered to be treatment related or resulting in study drug discontinuation [21] . Longer term, differences between bictegravir/emtricitabine/tenofovir AF and dolutegravir/abacavir/lamivudine in terms of mean changes from baseline in BMD at the hip (− 1.1 vs. − 1.3%) or spine (− 0.7 vs. − 0.22%) remained non-significant after 96 weeks' therapy in treatment-naïve patients [27] .
Dosage and Administration
The bictegravir/emtricitabine/tenofovir AF STR is indicated in the EU for the treatment of HIV-1 infection in adults without evidence of viral resistance to the INSTI class, emtricitabine or tenofovir [10] . It is also indicated in the USA for the treatment of HIV-1 infection in adults with no ART history or to replace the current ART regimen in those who have had virological suppression (i.e. viral load < 50 copies/mL) for ≥ 3 months on stable ART, provided they have no history of treatment failure and no known RAMs to any of the STR components [11] . The recommended dosage of bictegravir/ emtricitabine/tenofovir AF is one tablet (50/200/25 mg) administered orally once daily, with or without food [10, 11] . Being a complete ART regimen, bictegravir/emtricitabine/ tenofovir AF should not be co-administered with any other antiretroviral agents [10, 11] . Local prescribing information should be consulted for detailed information regarding use in special patient populations, drug interactions, contraindications and other warnings and precautions.
Place in the Management of HIV-1 Infection
To support long-term successful management of HIV-1 infection, ART regimens should be selected/switched on the basis of factors such as strain resistance, patient comorbidities and regimen characteristics, including efficacy, tolerability, drug interaction potential and convenience [1, 2] . The latter aspect has improved considerably over the years with the growing availability of STRs (Table 3 ) and other fixed-dose antiretroviral combinations [7] . STRs require administration of only one tablet each day and thus make once-complex ART regimens simpler and easier for patients to take, which may improve adherence and consequently therapeutic outcomes [7] . Most STRs available to date provide standard triple-combination ART, i.e. two NRTIs plus either an NNRTI, a boosted PI or an INSTI (Table 3) , with the most recent guidelines considering INSTIs to be the preferred third component for most treatment-naïve patients [1, 3, 4] . INSTIs are the most recent class of antiretrovirals for treating HIV-1 infection [6] and include the first-generation agents raltegravir and elvitegravir and the second-generation agents dolutegravir and bictegravir. Like dolutegravir [31] , the latest INSTI bictegravir has a high genetic barrier to the development of resistance (Sect. 2.2), largely overcoming the relative resistance limitations of raltegravir and elvitegravir [5, 31] . In vitro, bictegravir demonstrates slightly broader activity against INSTI-resistant HIV-1 strains than dolutegravir and is active against some strains with reduced Bictegravir is available as part of an STR in combination with emtricitabine plus tenofovir AF [10, 11] , a recent tenofovir prodrug that has replaced tenofovir DF in the most recent STRs because of its improved bone and renal profile [7] . Approval of bictegravir/emtricitabine/tenofovir AF for the treatment for HIV-1 infection (Sect. 6) is supported by several pivotal phase 3 trials in which it was noninferior to dolutegravir-based regimens in establishing virological suppression over up to 96 weeks' treatment in treatment-naïve adults (Sect. 4.1) and, similarly, switching to bictegravir/ emtricitabine/tenofovir AF was noninferior to remaining on a dolutegravir-based or boosted elvitegravir-or PI-based regimen in preventing virological rebound over 48 weeks in treatment-experienced patients (Sect. 4.2). Importantly, no resistance emerged to any of the antiretrovirals in the STR in these studies, providing clinical support for the high resistance barrier observed with bictegravir in vitro (Sect. 2.2).
Bictegravir/emtricitabine/tenofovir AF was generally well tolerated in clinical trials (Sect. 5) and patients felt that they experienced certain bothersome symptoms of HIV-1 (including certain gastrointestinal and CNS symptoms) less frequently with bictegravir/emtricitabine/tenofovir AF than with dolutegravir/abacavir/lamivudine (Sects. 4.1 and 4.2). Bictegravir/emtricitabine/tenofovir AF was associated with fewer TRAEs than dolutegravir-based regimens (mainly due to better gastrointestinal tolerability) and more TRAEs than PI-based therapy (Sect. 5). However, interpretation of the latter finding requires consideration of the open-label design of the trial and the fact it compared switching to bictegravir/ emtricitabine/tenofovir AF with remaining on a well-tolerated regimen, a phenomenon that has skewed the tolerability findings of other similarly-designed studies [32] . Although INSTIs are well-tolerated agents [1] , their potential association with weight gain and obesity [33, 34] requires further investigation, as does the recent finding that dolutegravir may increase the risk of neural tube birth defects if taken during pregnancy [35] .
Besides bictegravir/emtricitabine/tenofovir AF, other INSTIs are available in the form of single agents (dolutegravir, raltegravir) and/or STRs (Table 3 ) [1] . Most of these STRs comprise an INSTI plus two NRTIs, which negates the need for an NRTI backbone to be administered separately and thus makes them more convenient than single-agent INSTI formulations. However, cost and an inability to adjust drug dosages can limit STR use [2] . In addition to these constraints, dolutegravir/abacavir/lamivudine requires HLA-B*5701 status testing/confirmation (as patients with this allele can experience life-threatening hypersensitivity with abacavir [4] ), making it unsuitable for 'rapid start' treatment, and there are also cardiovascular concerns with abacavir that need consideration [3] . By contrast, the elvitegravir STRs contain cobicistat (to pharmacologically boost elvitegravir) which has the drawback of increasing the likelihood of drug interactions [4] . Drug interaction potential is important to consider when selecting an ART regimen, given the need to manage comorbidities, such as metabolic disorders and co-infections (like tuberculosis) [2, 3] .
For patients with HBV co-infection, ART regimens should include tenofovir AF or DF [1, 3] , as these agents are active against HBV as well as HIV-1 [1] ; emtricitabine and lamivudine also have activity against HBV, but do not provide adequate protection in the absence of other anti-HBV drugs [1] . The bictegravir-and elvitegravir-based STRs each fulfil the ART requirement for patients co-infected with HBV (i.e. contain tenofovir AF or DF), whereas lamivudine is the only active component against HBV within the dolutegravir-based triple-combination STR (Table 3) . Patient HBV status must therefore be determined before initiating this dolutegravir STR [2] , and an additional antiviral may be required if it is used in patients with HBV co-infection [36] , which would increase pill burden and potentially also costs.
Bictegravir/emtricitabine/tenofovir AF is recommended in the most recent guidelines of the DHHS [1] , EACS [3] and IAS-USA Panel [4] as one of the initial treatment options suitable for most individuals infected with HIV-1 (and as a 'rapid start' option by the IAS-USA [4] ). The other ART options recommended by these bodies for use in this setting include the dolutegravir triple-combination STR (Table 3) [1, 3, 4] and dolutegravir in combination with emtricitabine plus tenofovir AF [1, 3, 4] , with the DHSS [1] and EACS [3] also recommending dolutegravir in combination with emtricitabine plus tenofovir DF, and raltegravir in combination with emtricitabine plus tenofovir AF or DF. BHIVA guidelines generally provide similar INSTI recommendations [2] . However, given the more favourable bone and renal profile of tenofovir AF, the drug is preferred for certain patient groups, such as those with/at risk of renal disease [1] [2] [3] [4] , osteopenia [3] or osteoporosis [1] [2] [3] , those who have had fragility fractures or tenofovir DF toxicity [3] and those taking nephrotoxic agents [3] . Notably, bictegravir/emtricitabine/tenofovir AF, like elvitegravir/cobicistat/emtricitabine/tenofovir AF, can be used in patients with CR CL > 30 mL/min, whereas the renal limitations for other INSTI-based triple-combination STRs are more extensive, with elvitegravir/cobicistat/emtricitabine/tenofovir DF limited to patients with CR CL ≥ 70 mL/min (because of potential renal toxicity with tenofovir DF) and dolutegravir/ abacavir/lamivudine limited to patients with CR CL ≥ 50 mL/ min (because renal impairment can increase lamivudine exposure).
In addition, bictegravir/emtricitabine/tenofovir AF has the smallest tablet size among the INSTI-based triple-combination STRs (Table 3) , which some patients may prefer and/or find more acceptable. Another recently introduced INSTI-based STR, dolutegravir/rilpivirine, likewise has the benefit of a small tablet size (Table 3) and contains two, rather than three, antiretrovirals, which may help minimize antiretroviral exposure and thus long-term toxicity. However, this NRTI-sparing STR is limited to treatment-experienced patients with virological suppression for ≥ 6 months, must be taken with a meal, is contraindicated for use in combination with proton pump inhibitors [37, 38] and the long-term risk/benefit of dual (rather than triple) agent ART regimens remains to be determined.
Although cost-effectiveness analyses would be beneficial, current data indicate that bictegravir/emtricitabine/tenofovir AF is an effective, generally well-tolerated and convenient initial and subsequent treatment option for adults with HIV-1 infection, including those co-infected with HBV or requiring rapid ART initiation. It also provides the first non-pharmacologically boosted, INSTI-based, triple-combination STR suitable for use in patients with CR CL 30-50 mL/min.
Data Selection Bictegravir/Emtricitabine/ Tenofovir Alafenamide: 124 records identified
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